Grignard reagents effects addition to the double bond of the lateral chain of 1 to yield products proved to have structure 7.
In previous publications we have shown th at the a, ß-unsaturated thiocarbonyl system of 5-arylidene-2-thiazolidinone-4-thiones react with dienophiles undergoing 1,4-cycloaddition reac tion1-2. This prom pted us to utilise this type of cycloaddition reaction in the synthesis of some fused heterocycles containing the rhodanine moiety of probable fungicidal and bactericidal activities, since rhodanine and its derivatives have been reported as fungicides3-5, bactericides 6-10 nematocides11 and to have anthelm intic12-13 and antithy roid14 activities.
The 5-arylidene-1,3-thiazolidine-2,4-dithiones (1 a-d) needed for this investigation were prepared as previously described for i ( R = N 0 2)15. When the deeply coloured 5-arylidene derivatives (1 a-d) were refluxed with acrylonitrile or ethyl acrylate in glacial acetic acid, the colourless,
R
6-cyano or 6-carbethoxy-7-aryl-tetrahydrothiopyrano-7H [2,3-d] thiazole-2-thiones (2a-h) were obtained. The assigned structure for products 2 a-h is established from elemental analysis and infrared spectra. The IR spectrum of 2 a as a typical example of the cyano derivatives 2 a-d shows absorption characteristic for N H and cyano bands. The IR spectrum of 2 e as an example of the 6-carbothoxy derivatives 2e-h shows absorption for NH and ester carbonyl stretching. Furtherm ore, when lb was treated with acrylic acid followed by estriflcation, the product obtained was identical with 2 f.
Refluxing 1 a-d with co-nitrostyrene or with styryl ethyl ketone in glacial acetic acid effected 1,4-cycloaddition leading to the corresponding 6-nitro or 6-ethylcarbonyl-5-phenyl-7-aryl-tetrahydrothiopyrano-7H [2,3 -d] thiazole-2-thiones (3a-h). The assigned structure for the colourless products 3 a-h is inferred from their analytical and IR data. Compound 3 a, as a typical example for 3 a-d, shows strong absorption bands for N -H and nitro group stretching. The spectrum of 3e, as a typical example for 3e-h, shows, beside NHabsorption a strong carbonyl absorption band. 1,4-Cycloaddition reaction has been also achieved by refluxing la -d with N-arylmaleimides in acetic acid leading to the colourless 5,6-bis-hydroxycarbonyl-7 -ary 1 -tetra hy drothiopyrano -7H [2,3 -d] -thiazole-2-thione N-aryliniides (4a-h). The struc ture of the 1 :1 adduct products was assigned from elemental analysis and infrared spectrum. Moreover, when l b was refluxed with maleic anhydride in benzene the acid anhydride, 5 was obtained, which readily reacts with aniline to afford the amide 6, the latter cyclises to 4 b by the action of acetic anhydride-sodium acetate mixture. The structure of compounds 5 and 6 are assigned from their analytical and IR data. 0
Subjecting l a -d to the action of Grignard rea gents, namely phenylmagnesium bromide, addition of the reagent takes place a t the exocyclic double bond to give the colourless 5-diarylmethyl-l,3-thiazolidine-2,4-dithiones (7a-d). This is analogous to the behaviour of the 5-arylidene derivatives of 2,4-thiazolidinedione and 2-thiazolidinone-4-thione toward the action of Grignard reagents16-17. The structure of compounds 7 a-d is inferred from both analytical and IR data. The IR spectrum of 7 a
exhibits an absorption band a t 3220 cm-1 (NH stretching). Moreover, 7a gives benzophenone upon oxidation with chromic acid. F urther support for structure 7 is the identity of the Grignard product 7 b with the product obtained by the action of panisylmagnesium bromide on 1 a.
Experimental
Infrared spectra (KBr) were recorded on PerkinElmer Model 21 spectrophotometer. Melting points are uncorrected.
5-Arylidene-l,3-thiazolidine-2,4-dithiones (la-d)
General procedure: A mixture of 1,3-thiazolidine-2,4-dithione (0.01 mole), the appropriate aromatic aldehyde (0.01 mole) and fused sodium acetate (1.5 g), in glacial acetic acid (20 ml) was heated on a water bath for 15 minutes and left to cool. The crystals, which separated, were filtered off, washed with hot water, and recrystallised from dioxan. The 5-arylidene-l,3-thiazolidine-2,4-dithiones (la -d ) are orange to red coloured crystals listed in Table I .
General procedure for the reaction of la -d with acrylonitrile or with ethyl acrylate to give 2a-h
To each of la -d (0.01 mole), in glacial acetic acid (30 ml), either acrylonitrile or ethyl acrylate (0.02 mole) was added, the mixture was heated on a water bath for 30 minutes and left overnight at room temperature. The solid so obtained was filtered off and recrystallised from ethanol. The colourless products 2 a-h are listed in Table I. IR spectrum of 2 a shows absorption at 3180 cm-1 (NH stretching) and at 2235 cm-1 (unconjugated cyano group). IR spectrum of 2e shows absorption at 3205 cm-1 (N-H stretching) and a t 1725 cm-1 (ester carbonyl stretching).
Tab. I. 5-Arylidene-2,4-thiazolidinedithiones (la -d ) and 7-aryl-6-cyano(carbethoxy)tetrahydrothiopyrano-7H[2,3-d]thiazole-2-thiones (2 a-h

Preparation of 2 f by action of acrylic acid followed by esterification
To a suspension of 1 b (2.0 g) in 30 ml benzene was added 2.0 g of acrylic acid, the mixture was heated on a water bath till decolourisation of the solution took place, left to cool and evaporated till dryness. The oil so obtained was washed several times with pet. ether (b.p. 60-80 °C), then 10 ml of absolute ethyl alcohol was added followed by 3 ml of concentrated sulphuric acid, the solution was re fluxed on a water bath for 5 hours, concentrated by evaporation under vacuum and left to cool. The solid so obtained was filtered off, and recrystallised from alcohol, m .p. 195 °C proved to be identical (m.p. and mixed m .p.) with 2 f.
General procedure for the reaction of la-c with coni'rostyrene or with styryl ethyl ketone to give 3 a-h
To each of l a -c (0.01 mole), suspended in glacial acetic acid (30 ml), was added either to nitrostyrene or styryl ethyl ketone (0.01 mole). The mixture was heated on a water bath for 30 minutes, or till decolourisation took place, then it was left to cool and the solid so obtained was filtered off and recrystallised from ethanol. The colourless 7-aryl-5-phenyl-6-nitro (or ethyl carbonyl) tetrahydrothiopyrano-7 H [2,3-d]thiazole-2-thiones (3 a-h) are listed in Table II. IR spectrum of 3 a shows absorption a t 3180 cm-1 (N-H stretching) and a t 1560 cm-1 and 1370 cm-1 (-N 0 2 asym. and sym. stretching).
IR spectrum of 3 e shows absorption at 3200 cm-1 (N-H stretching) and a t 1730 cm-1 (C = 0 stretch ing).
Reaction of 1 a-d with N-arylmaleimides to afford 4 a-h
Each of the highly coloured 1 a-d (0.01 mole) was added to a solution of glacial acetic acid (30 ml) containing N-phenylmaleimide orN-p-chlorophenylmaleimide (0.01 mole), the mixture was heated on a water bath for 20 minutes or till decolourisation of the solution took place, left to cool at room tem pera ture. The solid th a t separated was filtered off and recrystallised from acetic acid. The colourless 5,6-bis -hydroxycarbonyl -7 -aryltetrahydrothiopyrano-
7H[2,3-d]thiazole-2-thione N-arylimides (4a-h) are
Action of maleic anhydride on lb to give the listed in Table III. anhydride 5 IR spectrum of 4a shows absorption at 3180 cm-1
To a solution of 1.0 g 5-anisylidene-l,3-thiazoli-(N -H stretching) and at 1670 cm-1 (amide I stretchdine-2,4-dithione (lb) in 30 ml benzene was added ing). 0.5 g maleic anhydride and the solution was heated 
Action of aniline on the anhydride (5 ) to afford the amide (6 )
To a solution of the anhydride (5) (1.0 g) in 100 ml ether was added 1.0 ml aniline in 20 ml ether, the solid th a t separated was filtered off, washed with ether and then crystallised from ethyl alcohol as colourless crystals, m.p. 187 °C. Analysis for C21H 18N 20 4S3 (6) Found C 54.88 H 3.85 N 5.96 S 20.82, Calcd C 55.02 H 3.92 N 6. l l S 20.96. IR spectrum shows a broad absorption band ranging from 3300 « 2910 cm-1 (OH and amide N -H stretching) and an absorption band at 1660 cm-1 (amide 1 band).
Cyclisation of the amide 6 to give the imide (4 b )
The amide (6) (1.0 g) was suspended in 15 ml acetic anhydride and 0.5 g fused sodium acetate, the mixture was then heated on a water bath for 10 minutes, left to cool and then poured over water, the solid th a t separated was filtered off, washed with water and then crystallised from acetic acid as colourless crystals m. p. 240 °C, proved to be iden tical (m.p. and mixed m.p.) with 4b.
Action of Grignard reagents on 5-arylidene-l,3-thiazolidine-2,4-dithiones ( l a -d )
General 'procedure: A Grignard solution (prepared from 0.1 g magnesium and 9.0 g bromobenzene in 1 0 0 ml dry ether) was added to each of la -d (2.0 g) in dry benzene (100 ml). The reaction mixture was kept at room tem perature for 15 p-Anisylmagnesium bromide, prepared from 1.0 g magnesium and the appropriate am ount of pbromoanisol, was added to a solution of 1 a (2.0 g) in dry benzene (100 ml) and worked up as described before to give a product proved to be idential (m. p. and mixed m .p.) with 7b.
Action of chromic acid on 7a:
A mixture of 5-benzhydryl-l,3-thiazolidine-2,4-dithione (7 a) (1.0 g), chromic acid (1.0 g) and glacial acetic acid (20 ml) was heated on a w ater-bath for 2 hours and left overnight, then extracted with ether. The oily residue, obtained on evaporating the ether, was dissolved in alcohol and treated with 2,4-dinitrophenylhydrazine. The yellow crystals so obtained, proved to be benzophenone 2,4-dinitrophenylhydrazone (m.p. and mixed m.p.).
